Introduction
Aircraft emissions at flight altitude are a major contributor to pollutants around the tropopause (Schumann, 1994). Emissions from jet engines were investigated within the last years both, during in-flight and test rig measurements. Special attention is paid to oxidized nitrogen and sulfur species which are considered to be responsible for aerosol formation in the plume (Miake-Lye et al., 1993) and soot activation (Schumann et al., 1996) . Hydroxyl radicals play an important role in oxidation processes in the plume of jet engines. Due to their large reaction cross sections they are the main contributors to the production of acidic gases like H2SO 4 and HNO3 upon oxidation of SO., and NOn emitted from the flame (Curtius et al., 1998, Tremmel et al., 1998). Despite their importance to date no direct measurements of OH concentrations in jet engine exhaust gases are available. Probe measurements are not feasible because of short lifetimes due to the high reactivity of OH radicals. Optical measurements on the other hand have shown to be difficult in harsh environments like jet engine test figs. Absorption measurements in the uv wavelength range have been carried out within a NASA project but OH concentrations were found to be below the detection limit of the system used which were estimated to be 1012 cm -l (i.e. 110 ppbv @ 800 K) (Brasier et al., 1996) . Therefore only upper limits were 
Experimental
Two sets of experiments were conducted. A laboratory experiment using a calibration flame was performed to investigate the OH detection scheme best suited for detection of OH concentrations in the sub-ppm range. Furthermore, calibration measurements were done using the optical setup that was designed and built for the measurements in the test rig measurements. Mirrors for beam direction and optics for signal detection had to be fixed very rigidly in the wind tunnel because they were exposed to high air speeds and vibrations. To protect the optical system, spectrometer and camera were mounted in a closed housing equipped with a quartz window. To enhance the signal-to-noise ratio in the exhaust gas measurements the laser was operated at maximum repetition rate (10 Hz) and signal was acquired on-chip for several thousand single laser pulses. Since the standard test procedure for jet engines include take-off conditions for five minutes only, data acquisition in these cases was limited to approx. 1500 laser pulses for both, on and off resonant excitation.
Results and discussion
In the calibration flame upon excitation at 308.15 nm it was found that the red-and blue-shifted emissions are weaker by a factor of 200 and 100 resp. compared to resonant emission. Because of high levels of scattering particles the use of the resonant emission at 308 nm is not feasible in jet engine exhaust measurements. The red shifted emission was chosen for all the measurements presented here, as it offered the best possibility to quantify the LIF data. Figure I shows the signal intensity of OH-LIF measured in the exhaust gases of the calibration flame at various heights above the burner matrix. With increasing height, the temperature drops and therefore OH equilibrium concentrations are decreasing. Emission spectra were taken with the laser tuned on and off an OH resonance. The OH-LIF signal was obtained from the difference of both spectra. OH radicals could be measured up to heights of 20 cm above the burner at temperatures of around 800 K. Therefore at temperatures expected to be present in the jet engine exhaust immediately behind the exit plane (approx. 850 K) equilibrium OH concentrations were expected to be easily detectable. Figure 2 shows the OH emission spectrum (resonant and red-shifted emission) measured in the test rig in the calibration flame that was mounted at the location for the jet engine exhaust measurements. This proved that the optical setup in the test rig was suited for OH-LIF detection at the expected OH concentration levels (300-700 ppbv as in Tremmel et al., 1998).
In figure 3 spectrally resolved signal light obtained from the jet engine exhaust measurements is shown for both, take-off and apidle operating conditions. The spectra were averaged over 1500 subsequent measurements for both, off and on resonant measurements for one operating condition. bined H20/OH-line would increase by a factor of 3.3 in the But, since the detection limit is mainly determined by the signalpresence of 300 ppbv OH.. to-background ratio, reduced excitation energies would be no
